Synthesis of CaCO3
For synthesis, stock solutions of CaCl2 and Na2CO3 in H2O (HPLC grade) were prepared. First, Na2CO3 was added to the ethanol in a 24 well plate and mixed, before CaCl2 was also added and mixed to form a total reaction volume of 0.5 mL, and a final reaction concentration of 0.025 M of each. An initial white precipitate formed, and the well plate was placed on a rocker for the requisite length of time at 57 oscillations per minute (opm) to replicate the described 'gentle shaking'.
[1]
Electron microscopy sample preparation
For cryoTEM, aliquots (3 µL) of reaction solution were applied to a cryoTEM grid and plunge frozen using a vitrification robot (FEI Vitrobot Mark IV) with the sample application chamber at 21 °C and 100 % humidity. Prior to freezing, cryoTEM grids (Au/C, Quantifoil Micro Tools GmbH) with 2 µm holes were plasma treated using a Quorumtech Glow Discharge system for 45 s. For conventional TEM, the reaction solution was filtered after 24 hours using a 0.22 µm membrane (Millipore) and washed with ethanol. The filtrate was resuspended in ethanol before 3 µL was applied to a 200 mesh C/Ni grid and left to dry. A FEI F20 Technai electron microscope with 200 keV field emission gun, equipped with a Gatan cryoholder operating at ca. -170 °C was used for imaging and LDSAED. Images were recorded on an 8k x 8k CMOS TVIPS F816 camera. For SEM, aliquots (10 µL) of reaction solution were removed at various timepoints up to 60 minutes, filtered under vacuum through a 0.22 µm filter membrane (Millipore) and washed with ethanol. Samples were sputter-coated with carbon before being imaged using a Zeiss Sigma HD VP Field emission scanning electron microscope.
PXRD and Raman measurements
Powder XRD was taken from crystals obtained by filtering the whole reaction solution and measuring using a 0.5 mm wall glass capillary on a Bruker D8-Advance X-ray Diffractometer with a Cu Kα lamp (λ=1.54056 Å). Crystals precipitated from solution on to a glass slide were used to obtain Raman spectra, measured using a Renishaw InVia Raman microscope with a wavelength of 785 nm.
Powder X-ray diffraction
Figure S1 An aragonite XRD pattern simulated from unit cell data [2] with peaks annotated with associated planes (red, top). The measured powder XRD pattern (bottom, black) was taken from the whole reaction filtered on to a 0.22 µm filter membrane and transferred to a capillary. It shows aragonite and a small amount of calcite (104 plane at 29.1 °). As the 104 plane of calcite diffracts strongly, this peak accounts for the presence of only a small amount of calcite. Figure S2 . Raman pattern from an aragonite crystal precipitated onto a glass slide Brightfield and darkfield images were rotated 90° for clarity. Figure S4 . a) Brightfield image of particle viewed after 60 minutes in cryoTEM with a low contrast area highlighted by a red circle and a high contrast area highlighted by a green circle. b) Superposition of the dark and brightfield images of the particle. c) Darkfield image of the same crystal with corresponding areas to a) highlighted, showing that bright areas can be related to both low and high contrast regions.
Raman Spectroscopy

